Introduction {#Sec1}
============

Obesity, defined as a disproportionate body weight for height with an excessive accumulation of adipose tissue, is considered a twenty-first-century epidemic \[[@CR1]\]. According to WHO, \> 1.9 billion adults were estimated to be overweight (defined as a BMI ≥ 25 kg/m^2^) globally in 2016, of which 650 million were obese (BMI ≥ 30 kg/m^2^) \[[@CR2]\]. Excess adiposity commonly leads to metabolic disorders, chronic low-grade inflammation, and altered production of steroid hormones \[[@CR3]\]. These pathophysiological effects have been also associated with cancer development and progression \[[@CR4], [@CR5]\]. In 2016, the International Agency for Research on Cancer (IARC) reported that 16 types of cancer are probably or convincingly associated with excess adiposity, making obesity the second leading cause of cancer after smoking \[[@CR6]\]. The IARC report concluded that the absence of excess body fat reduces risk of most cancers. It is important to note that several obesity-associated cancers, such as those of the breast and visceral organs, arise either within or adjacent to adipose depots suggesting that altered adipose biology, locally and systemically promotes cancer development. According to IARC and the World Cancer Research Fund (WCRF) Continuous Update Project, the excess adiposity is a cause or probable risk factor for gastrointestinal cancers, including the pancreas, liver, esophagus, colorectum, stomach cardia, and gallbladder \[[@CR6]--[@CR12]\]. The rapid increase in the prevalence of obesity worldwide could lead to an elevated burden of gastrointestinal cancers.

Although gastrointestinal cancers arise from distinct tissue origins and therefore represent different diseases, they share some common characteristics \[[@CR13]\]. For instance, each organ-specific form of gastrointestinal cancer seems to have subtypes that reflect mesenchymal gene signature, immune cell infiltration, and metabolic alterations, with additional gene signatures reflecting the epithelial tissue of origin within each distinct subtype \[[@CR14]\]. Gastrointestinal cancers also frequently share some metabolic characteristics, such as increased uptake of glucose and the conversion of glucose to lactate \[[@CR15]\], although pancreatic tumors show a unique dependency on metabolic pathways for branched-chain amino acids \[[@CR16]\]. Studies of colorectal cancer (CCR) also show that the carcinogenesis-promoting effect of excess energy balance might differ between different tumor subtypes, with findings suggesting that a high BMI has a stronger effect on tumor subtypes that maintain better intestinal differentiation \[[@CR17]\]. Altogether, these features give insight into the relationship between excess adiposity and gastrointestinal cancers and might help to determine potential therapeutic targets. This review is aimed to outline main hypotheses explaining the link between obesity and gastrointestinal cancer risk that are currently under consideration: i) altered insulin and insulin-like growth factor 1 (IGF-1) signaling, ii) obesity-associated chronic low-grade inflammation, and iii) altered sex hormone metabolism \[Fig. [1](#Fig1){ref-type="fig"}\].Fig. 1Three main mechanisms linking obesity and gastrointestinal cancers. Obesity is associated with altered insulin and insulin-like growth factor 1 signaling, chronic subclinical adipose tissue inflammation and altered sex hormone metabolism. *IGF*-*1*, insulin-like growth factor-1; *IL*, interleukin; *TNF*, tumor necrosis factor

Altered Insulin and Insulin-Like Growth Factor 1 Signaling {#Sec2}
----------------------------------------------------------

The alterations of cellular metabolism are an emerging hallmark of cancer \[[@CR13]\]. Reduced dependence on mitochondrial respiration and increased aerobic glycolysis to generate substrate required for a rapid cell proliferation are common features of gastrointestinal cells \[[@CR15]\]. Associated with this shift, the so-called Warburg effect is also an increased dependence on adequate systemic levels of glucose and other nutrients, similar to obesity-driven metabolic alterations \[[@CR15]\]. This "two-compartment coupling metabolism," in which signals from cancer cells drive aerobic glycolysis in neighboring stromal cells for efficient energy production, is called the reverse Warburg effect; systemic metabolic alterations also influence this effect \[[@CR18]\]. Thus, the obesity-driven systemic metabolic alterations can influence cancer cell-intrinsic metabolism. Findings also suggest concomitant metabolic changes in stromal cells in the microenvironment, particularly cancer-associated fibroblasts, that contribute energy-rich fuels, such as pyruvate, fatty acids, and lactate, to drive mitochondrial oxidative phosphorylation of cancer cells during periods of high ATP demand \[[@CR19]\]. Changes in systemic metabolic factors, including high circulating levels of insulin and IGF-1, seem to be important factors contributing to gastrointestinal cancer development.

Hyperinsulinemia and insulin resistance are often present in individuals with obesity, and BMI and waist circumference are both associated with elevated circulating levels of insulin or C-peptide (C-p), which is a marker of insulin secretion \[[@CR20]\]. By binding to its cognate receptor (insulin receptor; IR) or the insulin-like growth factor 1 receptor 1 (IGF-1R), insulin activates the phosphoinositide 3-kinase (PI3K), which is a target of rapamycin (mTOR) and mitogen-activated protein kinase (MAPK) signaling pathways, exerting its metabolic and cellular growth effects \[[@CR21]\]. Activation of IR and IGF-1R triggers cancer-relevant intracellular signaling cascades including those required for mitogenesis, anti-apoptosis, angiogenesis, and tumor-associated lymphangiogenesis, which favor tumor development and spread \[[@CR22]\]. Hyperinsulinemia was shown to induce the development of aberrant crypt foci, which are thought to be the earliest neoplastic lesions in colorectal carcinogenesis, and the proliferation of colorectal epithelial cells in rodent models \[[@CR23]\]. Additionally, IR expression is markedly elevated in colonic and hepatic tumor cells, particularly the A isoform (IR-A) that is involved in prenatal development but that also exhibits strong mitogenic effect, whereas expression of IR-B isoform, which has an important role in metabolism, was shown to be reduced in colorectal and liver tumor cells \[[@CR24]\]. Insulin might also affect cancer development indirectly through modulation of other hormonal pathways. For instance, in hyperinsulinemia, sex hormone-binding globulin (SHBG) levels are significantly reduced, leading to elevated free estradiol levels, which might increase risk of cancer development \[[@CR25]\]. Despite these experimental data, epidemiological studies investigating the link between hyperinsulinemia and CRC risk have yielded so far inconclusive results. Various prospective studies have shown the association between fasting circulating insulin levels and CRC, although this link was weakened after statistical adjustment for other CRC risk factors \[[@CR26]--[@CR28]\]. A positive association of circulating C-p levels with CRC risk was also reported in multiple studies \[[@CR29]--[@CR33]\], and a meta-analysis of these results showed a pooled odds ratio of 1.35 (95% CI 1.12--1.63) for the individuals with the highest versus lowest levels of C-p \[[@CR33]\]. Analysis of data gathered in the European Prospective Investigation into Cancer and Nutrition (EPIC) study demonstrated that individuals with normal BMI (\< 25 kg/m^2^) but with elevated C-p levels were at a higher risk of CRC than those with a normal BMI and without elevated C-p levels and were at an equivalent risk of CRC to individuals who were overweight or obese (BMI ≥ 25 kg/m^2^) with higher C-p levels \[[@CR34]\]. However, overweight or obese individuals without elevated C-p levels were not at increased risk of CRC development. Overall, these findings support the association of hyperinsulinemia with CRC risk independent of body size \[[@CR34]\].

As for other gastrointestinal cancers, a pooled analysis of five prospective studies reported that higher fasting circulating insulin levels were associated with elevated pancreatic cancer risk \[[@CR35]\]. This result was further supported by a Mendelian randomization analysis, which reported that a 1 SD increment in genetically predicted fasting circulating insulin levels was associated with a 66% higher risk of pancreatic cancer development (relative risk (RR) 1.66, 95% CI 1.05--2.63) \[[@CR36]\]. An investigation nested within the EPIC cohort reported a greater than threefold higher hepatocellular carcinoma (HCC) risk among participants in the highest versus lowest-third group of C-p levels, while no relationship was found between circulating C-p levels and pancreatic cancer risk \[[@CR37], [@CR38]\]. A nested case--control study conducted in Japan reported a positive association between circulating insulin levels and gastric cancer development \[[@CR39]\]. As for esophageal cancer, no prospective studies have been conducted so far investigating the association with hyperinsulinemia.

Insulin can stimulate the synthesis of IGF-1, which is a peptide hormone that shares extensive structural similarity with insulin and can promote cellular proliferation through the activation of the PI3K/Akt/mTOR and Ras/Raf/MAPK pathways \[[@CR40]\]. Various epidemiological studies have investigated a possible link between pre-diagnostic circulating IGF-1 levels and CRC risk. The results of meta-analysis of ten prospective studies showed a modest positive association between circulating IGF-1 levels and CRC risk (OR per 1 SD increment 1.07; 95% CI 1.01--1.14) \[[@CR41]\]. For other gastrointestinal cancers, the data are limited and inconclusive.

Chronic Adipose Tissue Inflammation {#Sec3}
-----------------------------------

Obesity is considered a chronic low-grade inflammatory state characterized by progressive infiltration of adipose tissue by M1-macrophages, CD8+ T cells, natural killer (NK) cells, B cells, and increased adipose secretion of pro-inflammatory cytokines/adipokines such as tumor necrosis factor-alpha (TNF-α), interferon-gamma (IFN-γ), interleukin-1-beta (IL-1β), IL-6, monocyte chemoattractant protein 1 (MCP-1), and leptin \[[@CR42]--[@CR44]\]. Overall, the predominant anti-inflammatory T helper 2 (Th2)-like immune cell phenotype in healthy, lean individuals is lost with obesity, and the ensuing pro-inflammatory state leads to a dysregulation of immune homeostasis. The initial trigger for the inflammation is not fully understood, but most likely it is associated with a homeostatic stress caused by a positive energy balance and an overall hyper-anabolic state, particularly in adipocytes \[[@CR42], [@CR43]\]. Several potential mechanisms responsible for initiation of adipose tissue inflammation in obesity have been suggested, including (i) intestinal antigens such as lipopolysaccharide (LPS); (ii) various dietary components and metabolites, such as free fatty acids and glucose; (iii) signals associated with adipocyte death; (iv) hypoxia; (v) mechano-transduction resulting from interactions between the hypertrophic adipocytes and the extracellular matrix \[[@CR42]\]. Although 10--15% of individuals with obesity might remain free of metabolic abnormalities and be "metabolically healthy," they commonly develop systemic inflammation \[[@CR45], [@CR46]\].

Multiple studies have revealed that chronic inflammation predisposes to various forms of cancer, including those located in gastrointestinal track. It has been observed that nearly all malignant lesions of gastrointestinal tract contain an immune cell infiltrate \[[@CR47]\]. The nuclear factor-κB (NF-κB), which plays a key role in inflammation, has also been shown to activate signaling pathways promoting malignancy \[[@CR48], [@CR49]\]. Inflammation, itself a microenvironmental hallmark of cancer, might be causally related to cancer development through various mechanisms, such as production of free radicals, suppression of the immune system, hypoxia or aberrant cell signaling, and upregulation of proliferative and anti-apoptotic pathways as well as angiogenesis and cell migration \[[@CR50]\]. These adipose-driven processes are hypothesized to alter cancer cell metabolism and affect the cancer-promoting processes of invasion, metastasis, and immune clearance \[[@CR51]\]. Visceral adipose tissue (VAT) is generally more bioenergetically active than subcutaneous adipose tissue (SAT), and obesity-driven excess of VAT has been associated with an increased risk of several gastrointestinal cancers \[[@CR51]\]. VAT, which includes central depots such as omentum, mesenteric, epiploic, gonadal, epicardial, and retroperitoneal fat pads, is also thought to be a key source of obesity-derived inflammation \[[@CR52]\]. The largest VAT depot is the omentum, the so-called fatty apron that connects the stomach and colon and lies anterior to the intestines. Importantly, VAT is also linked to the liver via portal vein drainage, and the VAT-liver axis is thought to account for the greater influence that VAT has on insulin resistance and inflammation compared with SAT \[[@CR53]\]. In lean individuals, the liver maintains immunological tolerance by producing anti-inflammatory factors, predominantly IL-10, with selective expansion of hepatic Treg cells; however, it usually loses its tolerogenic status under excess adiposity conditions \[[@CR54]\]. The portal hypothesis describes how the liver is directly exposed to increasing amounts of free fatty acids and pro-inflammatory factors released from VAT directly into the portal vein of individuals with visceral obesity, increasing the risk of liver inflammation and insulin resistance, and ultimately promoting gastrointestinal carcinogenesis \[[@CR55]\].

A growing number of epidemiological studies have investigated the causal relationship between obesity-associated inflammation and gastrointestinal cancers. Multiple prospective cohort studies have investigated the possible link between levels of circulating C-reactive protein (CRP), a non-specific marker of systemic inflammation, and CRC risk. For instance, the results of a meta-analysis including more than 4500 individuals with CRC showed that the risk of CRC development was increased by 12% for every unit change in the natural log for CRP concentration \[[@CR56]\]. This relationship was supported by a Mendelian randomization analysis that showed that a genetically predicted twofold doubling of circulating CRP levels was associated with higher risk of CRC development (OR 1.74; 95% CI 1.06--2.85) \[[@CR57]\].

Association of various adipokines and cytokines with CRC risk has been also investigated in several prospective studies. Adiponectin that is downregulated in obesity (mainly by insulin and estrogens \[[@CR58]\]) has been linked to lower CRC risk \[[@CR59]\]. It is the most abundant adipokine, secreted mainly from VAT. Of importance to cancer development, adiponectin may have indirect effects, sensitizing cells to insulin or through anti-inflammatory actions. Adiponectin may also sequester growth factors at the pre-receptor levels or by binding to adiponectin receptor 1 (ADIPOR1) and ADIPOR2, activating AMP-activated protein kinase (AMPK) while inhibiting ERK1 and ERK2, PI3K, PI3K-AKT, WNT-β-catenin, NF-κB and Janus kinase 2 (JAK2)-STAT3 signaling. Collectively, these effects result in reduced fatty acid and protein synthesis, decreased cellular growth, proliferation and DNA mutagenesis and increased cell cycle arrest and apoptosis, thus negatively influencing carcinogenesis \[[@CR60]--[@CR62]\]. By contrast, leptin, another adipokine, is upregulated in obesity by insulin to signal suppression of appetite \[[@CR63]\]. It has extensive immunomodulatory roles through the stimulation of pro-inflammatory cytokines including IL-6, TNF-α, IL-8, and IL-12 from macrophages, dendritic cells, and natural killer (NK) cells, as well as through Th1-type cell response \[[@CR63]\]. Circulating levels of leptin were positively associated with colon cancer (OR for higher vs lowest quartile 2.72; 95% CI 1.44--5.12) but not with rectal cancer \[[@CR64]\]. In patients with cancer, leptin was demonstrated to promote mitogenic, anti-apoptotic, and pro-angiogenic \[by itself and in synergy with vascular endothelial growth factor (VEGF)\] pathways that are involved in carcinogenic process \[[@CR60], [@CR65]\]. Leptin receptor b (LRb), the only long form of at least four existing splice variants, has an intracellular domain of sufficient length to provide full signal-transducing capabilities and activates PI3K, MAPK, and signal transducer and activator of transcription (STAT) signaling, which are critical pathways involved in cell survival, proliferation, and differentiation \[[@CR66]\]. Another study showed positive association of leptin, IL-6, and plasminogen activator inhibitor 1 (PAI1) levels and inverse association of adiponectin with the risk CRC development \[[@CR67]\]. Inverse association of CRC risk has been also reported to soluble receptors of leptin and IL-1β \[[@CR67], [@CR68]\], suggesting altogether that regulators of pro-inflammatory mediators signaling and availability modify CRC development. Data on possible association of circulating pro-inflammatory cytokines and adipokines with other gastrointestinal cancers are rather limited.

A study based on pooled data from five cohorts indicated the association of higher circulating adiponectin levels with lower pancreatic cancer risk (OR for the highest vs lowest quintile 0.66%; CI 0.44--0.97), while it failed to find any link between circulating levels of CRP and IL-6 and pancreatic cancer risk \[[@CR69]\]. A similar inverse association for adiponectin and pancreatic cancer was also found in the EPIC cohort, but only among non-smokers \[[@CR37]\]. The EPIC study also reported the link between higher levels of circulating CRP (OR per doubling concentrations 1.22; 95% CI 1.02--1.46) and IL-6 (OR per doubling concentrations 1.90; 95% CI 1.30--2.77) and elevated risk of HCC \[[@CR38]\]. One nested case--control study conducted in Japan also reported a positive association for IL-6 with HCC but did not confirm a relationship for CRP \[[@CR70]\]. The abovementioned EPIC study also reported a positive relationship for circulating CRP levels and greater gallbladder cancer risk (OR per doubling concentrations 1.55; 95% CI 1.15--2.08) \[[@CR38]\].

Altered Sex Hormone Metabolism {#Sec4}
------------------------------

Sex hormones, a subgroup of steroid hormones, have been reported to modify the risk of several cancers, particularly sex-specific tumor types, such as postmenopausal breast, endometrial, and ovarian cancers. In both men and postmenopausal women, adipose tissue is the primary source of estrogen synthesis. Excess adiposity has been associated with higher circulating levels of endogenous estradiol and estrone due to the higher rates of conversion of androgenic precursors to estradiol through increased aromatase enzyme activity in peripheral adipose tissue (a process known as aromatization) \[[@CR71]\]. At the same time, obesity is also associated with hyperinsulinemia, which results in reduced hepatic synthesis of sex hormone-binding globulin (SHBG), a principle transporter for sex steroid hormones, and increases in bioavailable concentrations of estradiol and testosterone \[[@CR72]\]. Importantly, incidences of gastrointestinal cancers differ among sexes and are more frequent in men, suggesting a sex hormone-mediated mechanism in their etiology. Estrogen receptor-β (ERβ) has been shown to have an important role in the biological activity of estrogens in gastrointestinal tissues. Various in vitro studies have demonstrated that expression of ERβ inhibits proliferation in colon cancer \[[@CR73]\] and pancreatic cancer \[[@CR74]\]. In xenograft mouse studies, ERβ inhibits *Myc* expression and colon tumor growth \[[@CR73]\]. It has been observed that the expression of ERβ is low in human colon cells and is inversely associated with colon cancer stage \[[@CR75]\], suggesting a role in disease progression. Interestingly, recent report suggests that individual differences in ERα and ERβ expression affect whether estradiol has pro-inflammatory or anti-inflammatory effects on colon, with this effect also probably occurring in other gastrointestinal tract tissue \[[@CR76]\]. However, epidemiological data supporting the association of endogenous sex hormones and gastrointestinal cancer are limited.

One nested case--control study of postmenopausal women not using menopausal hormone therapy reported that higher levels of endogenous circulating estradiol and estrone were associated with lower CRC risk, while the levels of SHBG were positively related to CRC risk \[[@CR77]\]. Other studies investigating the association of circulating estrogen levels with CRC risk were inconclusive \[[@CR27], [@CR78], [@CR79]\]. One of these studies found that a higher ratio of circulating estradiol to testosterone levels, which reflects a higher activity of aromatase, the enzyme involved in biosynthesis of estradiol from testosterone, was associated with lower risk of CRC development \[[@CR79]\]. Results for gastric cancer are inconclusive but tend to show that estrogens might also decrease the risk of carcinogenesis \[[@CR80]\]. As for other gastrointestinal cancers, there is limited evidence from clinical trials that sex hormones, such as estrogen, progestin, or testosterone, have a role in the development of cancers \[[@CR81]--[@CR84]\].

Other Potential Mechanisms {#Sec5}
--------------------------

### Intestinal Dysbiosis {#Sec6}

Various studies have demonstrated that excess adiposity is associated with intestinal dysbiosis \[[@CR85]\]. Generally, microbiome of individuals with obesity is less diverse and has altered ratio of the two major gut phyla: *Bacteroidetes* and *Firmicute*s. Characteristic increase in *Firmicutes* and decrease in *Bacteroidetes* result in a microbiota with an improved ability to harvest dietary energy \[[@CR85]\]. Obesity-associated dysbiosis also results in decreased production of anti-inflammatory short-chain fatty acids, particularly butyrate, which additionally exhibits anti-tumor effects via modulation of various G-protein-coupled receptors (GPCRs) and inhibition of histone deacetylases \[[@CR86]--[@CR88]\]. Such changes in microbiome diversity and metabolites can result in local inflammation and increased intestinal permeability, leading to enhanced leakage of intestinal antigens, including lipopolysaccharide (LPS) from Gram-negative bacteria---a condition termed metabolic endotoxemia \[[@CR89], [@CR90]\]. LPS in turn may initiate an inflammatory cascade via activation of pattern recognition receptors (PRRs), such as toll-like receptor 4 (TLR4) in adipocytes and macrophages, leading to the increased expression of pro-inflammatory cytokines and chemokines in adipose tissue \[[@CR89], [@CR91]\]. Physiologically, LPS is continuously released to the intestine lumen by the death of Gram-negative bacteria and then translocated into intestinal cells through a TLR-dependent mechanism \[[@CR92]\], and then transported in the circulation by a mechanism involving chylomicrons synthesized from epithelial intestinal cells in response to fat ingestion, although normally this process is adequately managed by the immune system and detoxification mechanism \[[@CR93]\]. However, in individuals with obesity and T2DM, plasma LPS levels are at least doubled compared with those in healthy individuals, even in a fasted state \[[@CR89], [@CR94], [@CR95]\]. LPS could be therefore an important inflammatory trigger, particularly in VAT, or might just amplify the effects of an earlier inflammatory trigger. Therefore, given the known role that chronic inflammation has in the progression of many cancers, it is plausible that obesity-induced intestinal dysbiosis is a contributing factor in the link between obesity and gastrointestinal cancers. Importantly, recent findings point toward the metabolic activity of the intestinal microbiota (producing butyrate, propionate, or altering bile acids) as important mechanism leading to development and progression of various gastrointestinal cancers \[[@CR88]\].

### Intestinal Hormones {#Sec7}

Intestinal hormones are also emerging mediators of the obesity--gastrointestinal cancer association. For instance, ghrelin, a peptide hormone produced by the fundic glands of the stomach, exhibits various metabolic and inflammatory functions, such as appetite regulation, promotion of fat storage, and inhibition of pro-inflammatory cytokine expression \[[@CR96]\]. Lower circulating ghrelin levels have been observed in individuals with obesity compared to individuals with normal BMI \[[@CR97]\].

A case--control study including patients with non-cardia stomach cancer and patients with EAC reported that the lowest quartile of ghrelin levels was associated with an approximately fivefold greater risk of non-cardia stomach adenocarcinoma and esophagogastric junctional adenocarcinoma when compared with the highest ghrelin level category \[[@CR98]\]. The same patient population was also analyzed in terms of association between circulating levels of ghrelin and CRC risk, and an odds ratio of 1.57 (95% CI 1.05--2.34; *P *= *0.03*) was reported for the lowest ghrelin quartile compared with the highest quartile \[[@CR99]\]. Further analysis suggested that ghrelin could have distinct biological effects at different stages of the cancerogenic process \[[@CR13], [@CR99]\]; however, the results of another study on association between ghrelin and CRC were inconclusive \[[@CR100]\]. As for other gastrointestinal cancers, there have been no studies conducted so far, investigating the link between ghrelin levels and cancer risk, although the bidirectional cross talk between ghrelin and hormones involved in energy regulation, such as leptin, adiponectin, and insulin, underlines the importance of this pathway in the role of obesity-related gastrointestinal carcinogenesis \[[@CR101]\].

### Nonalcoholic Fatty Liver Disease (NAFLD) {#Sec8}

Overweight and obesity are associated with increased risk of nonalcoholic fatty liver disease (NAFLD), a spectrum of pathologies including variable degrees of simple steatosis, nonalcoholic steatohepatitis (NASH) and cirrhosis \[[@CR102]\]. NASH is a major risk factor for liver fibrosis and can lead to HCC directly or indirectly through cirrhosis \[[@CR61], [@CR102]\]. Systemic and liver-specific molecular mechanisms involved in NASH, NAFLD and HCC include alterations in cellular lipid metabolism and insulin resistance \[[@CR103]\]. Increased triglyceride content within hepatocytes, fibrosis, increased levels of free fatty acids and hepatocyte cell death all result in exacerbation of local inflammation and immune cell activation in the liver of individuals with obesity \[[@CR104], [@CR105]\]. As a result, this normally tolerogenic organ contains increased numbers of Kupffer cells, neutrophils, dendritic cells, Th17 CD4+ cells, CD8+ T cells, and NKT cells \[[@CR106]\]. Studies of VAT and liver from patients with esophageal adenocarcinoma undergoing surgery showed parallel alterations in inflammatory pathways, including activation of Th17 cells as well as T cells expressing IFN-γ and TNF-α \[[@CR106]\]. These results suggest that VAT and the liver are closely linked in a local and systemic milieu of altered inflammatory and metabolic processes, which promotes carcinogenesis. NAFLD and NASH might be also risk factors for other gastrointestinal cancers, particularly CRC. A retrospective study conducted in South Korea reported that NAFLD was positively related to CRC risk in men (HR 2.01; 95% CI 1.10--3.68) \[[@CR107]\], whereas a cross-sectional study undertaken in Hong Kong reported that NASH was associated with an increased prevalence of colorectal adenomas (OR 4.89; 95% CI 2.04--11.70) and advanced neoplasms (OR 5.34; 95% CI 1.92--14.84) \[[@CR108]\].

### Gastroesophageal Reflux Disease (GERD) {#Sec9}

Overweight and obesity are associated with 40--90% higher risk of the symptoms of GERD, compared with normal weight \[[@CR109], [@CR110]\]. Symptoms of GERD were associated with a fivefold-to-sevenfold higher risk of esophageal carcinoma (EAC) \[[@CR111], [@CR112]\]. GERD was also associated with increased cardia stomach cancer risk in some studies \[[@CR113]--[@CR115]\].

### Cancer Stem Cell (CSC) {#Sec10}

Cancer stem cell (also termed tumor-initiating cell) hypothesis postulates that tumors originate through dysregulation of the physiological process of cell self-renewal \[[@CR116]\], resulting in the aberrant replication and differentiation characteristic of variety of gastrointestinal cancers \[[@CR117]--[@CR120]\]. Evidence suggests a link between CSCs and excess adiposity, although its nature is not fully understood \[[@CR121], [@CR122]\]. In one study, it was shown that disease-free individuals with obesity had fivefold higher frequency of circulating progenitor cells (*P *= *0.0019*) and a tenfold higher frequency of circulating mesenchymal stromal progenitor cells (*P *= *0.0021*) than lean individuals \[[@CR122]\]. It seems that obesity-associated chronic inflammation might promote the recruitment and mobilization of peripheral blood progenitor cells to various pathological sites for regeneration of tissues damaged by generated reactive oxygen species, reactive nitrogen species, lipid peroxidation products, etc. Prolonged exposure of progenitor cells to these mutagenic factors and pro-inflammatory cytokines might drive the conversion into CSCs. CSCs possess two main properties: the ability to self-renew and the ability to differentiate into heterogenous lineages of cancer cells that comprise the tumor \[[@CR123]\].

Conclusions {#Sec11}
===========

The prevalence of obesity has increased dramatically in the past three decades and so the burden of cancers that are attributable to the prevalence of excessive adiposity. A growing body of evidence supports a relationship between obesity and elevated risks of gastrointestinal cancer development. Currently, three main hypotheses explaining the link between excess adiposity and gastrointestinal cancer risk are being considered, including (i) altered insulin and IGF-1 signaling, (ii) obesity-associated chronic low-grade inflammation, and (iii) altered sex hormone metabolism, although new potential mechanisms emerge. In addition to promoting carcinogenesis, obesity might also affect the tumor biology of established cancers. For instance, poorer survival has been reported in patients with colon cancer and pancreatic cancer who are overweight or obese at the time of diagnosis \[[@CR124], [@CR125]\]. The risk of dying is increased in both group of patients with overweight (OR 1.26, 95% CI 0.94--1.69, *P *= *0.04*) and with obesity (OR 1.86, 95% CI 1.35--2.56, *P *\< *0.001*) with pancreatic cancer and in men with obesity treated with adjuvant chemotherapy for colon cancer (OR 1.16, 95% CI 1.01--1.33, *P *= *0.023*) \[[@CR124], [@CR125]\]. These data suggest strongly a negative association of excessive adiposity with gastrointestinal cancer outcomes, treatment effects, and prognosis. However, many important questions remain in our understanding of adiposity-related gastrointestinal tract carcinogenesis. These questions may be answered with the knowledge gathered in large-scale epidemiological studies applying new analytical methods, such as various omics technologies, such as genomics, epigenomics, transcriptomics, proteomics, and metabolomics, as well as Mendelian randomization, MRI scans, and molecular pathological epidemiology approaches. Simple diet and lifetime changes result in the loss of 4% of body weight on average, while bariatric surgery generally leads to 15--30% weight loss and is often associated with dysmetabolism resolution \[[@CR126]--[@CR129]\]. There is considerable indirect evidence from observational studies that weight loss in individuals with obesity reduces cancer risk \[[@CR130]--[@CR132]\]. A better understanding of biological mechanisms involved in adiposity-related gastrointestinal carcinogenesis might help to identify better biomarkers of gastrointestinal cancer risk and new preventive strategies.
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